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Discussion of the scaling factor of mammalian basal metabolic rate with body mass (BM)
divides people into those who support scaling to BM0.67 and those who support scaling to
BM0.75 – although the exponent has usually been found between these two values (Kleiber, 1932;
Brody et al., 1934; White and Seymour, 2003, 2005; Savage et al., 2004). In particular, deviation from 0.67 is
considered relevant, as this is interpreted as proof that Rubner’s ‘surface law’ (Rubner, 1883)
is not valid. It has been found repeatedly that the scaling factor increases with increasing
range in body size of the animals included in the data set (Glazier, 2005; White and Seymour, 2005).
This has been interpreted to be a consequence of large mammals (mostly herbivores)
harbouring symbiotic bacteria in their gastrointestinal tract and therefore (a) they are
hardly ever in a ‘post-absorptive’ state and (b) the metabolism of these symbionts is
included in any measurement on the host organism. The only way to address this problem
is to exclude larger species from regressions. Using the n = 13 data set from Kleiber (1932),
White and Seymour (2003) demonstrated that by including larger animals, basal metabolic
rate scales to BM0.74 in that data set, but to BM0.67 if only the smallest five species are used.
Another approach in domestic ruminants would be to use animals fitted with a rumen
fistula, by which this forestomach compartment – which comprises the majority of the gut
contents of ruminants – can be emptied. To our knowledge, the only study recording
comparative heat production of ruminants with a full and empty rumen is that of Torrent
and Johnson (1996). If, following White and Seymour (2003) for didactic purposes, both data
points of that study are included in regressions of Kleiber’s lower five data points, the
regression including the full rumen yields an exponent of 0.78 (linear regression of
ln-transformed values using SPSS 12.0; R2 = 0.996, P < 0.001, exponent = 0.783 [95% CI:
0.715–0.842]), and the regression including the empty rumen an exponent of 0.68
(R2 = 0.999, P < 0.001, exponent = 0.682 [95% CI: 0.667–0.698]) (Fig. 1). Regardless of the
physiological mechanisms that lead to the quantification of the exponent, this comparison
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supports the belief that the scaling factor shifts from 0.67 towards 0.75 with increasing
relevance of the gut contents in the animals measured, and recommends fistulated, domestic
ruminants for further studies into this phenomenon.
REFERENCES
Brody, S., Procter, R.C. and Ashworth, U.S. 1934. Basal metabolism, endogenous nitrogen,
creatinine and neutral sulphur excretions as functions of body weight. Univ. Missouri Agric. Exp.
Stat. Resid. Bull., 220: 1–40.
Glazier, D.S. 2005. Beyond the ‘3/4-power law’: variation in the intra- and interspecific scaling of
metabolic rate in animals. Biol. Rev. Cambr. Phil. Soc., 80: 1–52.
Kleiber, M. 1932. Body size and metabolism. Hilgardia, 6: 315–353.
Rubner, M. 1883. Über den Einfluss der Körpergrösse auf Stoff- und Kraftwechsel. Z. f. Biol.,
19: 535–562.
Savage, V.M., Gillooly, J.F., Woodruff, W.H., West, G.B., Alen, A.P., Enquist, B.J. et al. 2004. The
predominance of quarter-power scaling in biology. Funct. Ecol., 18: 257–282.
Torrent, J. and Johnson, D.E. 1996. The effect of emptying the rumen on the heat production of
wethers. Livestock Prod. Sci., 45: 93–95.
White, C.R. and Seymour, R.S. 2003. Mammalian basal metabolic rate is proportional to body
mass2/3. Proc. Natl. Acad. Sci. USA, 100: 4046–4049.
White, C.R. and Seymour, R.S. 2005. Allometric scaling of mammalian metabolism. J. Exp. Biol.,
208: 1611–1619.
Fig. 1. Kleiber’s (1932) original data set on body mass (BM, kg) and basal metabolic rate (kJ ·day−1)
with data on domestic sheep with full or empty rumens (Torrent and Johnson, 1996). Regressions for
Kleiber’s five lower data points and the sheep data.
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